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The present apphoaoon a a eonfrmiaoor< m pan of VSSN oO'Ol 3,fS'.Vs. 
which is related to USSN OS/589, 107, and USSN 0h ; 45l and to USSN 08/347,610, 
which h a continuation in par* of USSN 08/159,339, which is continuation in oar? of 
USSN 08/103,396 which is a continuation in part of USSN 08/027.746 which is a 
continuation in part of USSN 07/926,666. Ir is also related so USSN 08/186,266, Ail of 
the above applications a?c incorporated herein 6v reference. 



BACKGROUND OF THE INVENTION 

The present invention relates to compositions and methods for preventing;, 
treating or diagnosing a number of pathological st.as.es suih as viral diseases and cancers, 
in particular. ;t provides novel peptides capable or binding selected major 
hhtocompadbii l?y complex {MHC) molecules and inducing an immune response. 

MHC molecules are classified as caber Class I or Class U molecules. Class 
U MHC molecules are expressed primarily un ceils involved in initiating and sustaining 
immune responses, such as T lymphocytes, B lymphocytes, macrophages, etc. Class It 
MHC molecules are recognized by helper T lymphocytes and induce proliferation of 
helper T lymphocytes and amplification of the immune response to the particular 
immunogenic peptide that * displayed. Class i MHC molecules are expressed on almost 
all nucleated cells and arc recognised hy cytotoxic T lymphocytes (OTLsS, which then 
destro-. e antigen-bearing ceils. CTLs are particularly important in tumor reject and 
in fighting viral infections 'T he CTL recognizes the antigen in the form of a pemsde 
fragment bourn to the. MHC class I molecules rather than the intact foreign antigen itself. 
The antigen must normally be endogenousfy synthesized by the cell, and a portion of the 
protein antigen is degraded into small peptide fragments ti- 
the cytoplasm. Some -jf these small peptides translocate into a pre-Golgi compartment and 
interact with class I heavy chains to facilitate proper folding and association with the 
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stibium p2 jniefoglobulin. The peptide-MHC class { eo>rsple.\ is then ro vo V tne v 
surface for expression and potential recognition by specific CTLs. 

Investigations of the crystal struouut of the human MHC i,e s i mo e<_ k 
H1.A-A2.1 . indicate that a peptide binding groove is created by the folding of the o? and 
5 82 domains of the class i heavy chain {Bjorkman et a!. , fclaiuis 329:506 f 1987). In these 

imecrigatjons ro*ev^r she <. em *\ ot de~ once a- J e t-.Ww no* dote* ^ - td 

Suus et ah, 242:1065 i 1^88) first described a method for acid 

elutiors of bound peptides from MHC. Subsequently, Rarnmcnsee and his coworkers <Faik 
et al., Nature 351:290 (1991) have developed an approach to characterize naturally 
10 processed peptides bound to class i molecules Other investigators have successfully 

achieved direct, amino acid sequencing of the more abundant peptides in varices HPIO 
fractions by conventional automated sequencing of peptides elated from class 1 molecules 
of the 8 type tiardetiky, et ai , Z&mt .-53:326 (i^B and of -he A2.1 type by mass 
spectrometry (But*, et ah, Sskawe 225: <2el (1992). A review of the character: nation uf 
15 naturally processed peptides in MHC Class 1 has been presented by Retochke and l alk 

fRotsrschke arid Falk, Immano-i. Today 12:44? (1991), 

Sette etal.. Proc- Natl. Acad. So. USA 86:3296 (1989) showed that MHC 
allele specific motifs could be used to predict MHC binding capacity Sehaerfer et a!.. 
Prc^jsatl Acad. Sch USA 86:4649 t 1989} showed that MHC binding was related to 

{1991); Pamer fit al,, 353:812-955 (i99i)) have provided prelim-nary evidence 

that class i binding motifs can be applied t>; Ott- identification of potential immunogenic 
peptides in animal models. Class 1 motifs specific for a number of hitman alkies of a 
given class I isotype have yef to be descr-bed. it is desirable that the combined frequencies 
25 of these different alleles should he high enough to cover a large fraction or perhaps the 

majority of the human ouiOreol population. 

Despite the developments sn the art., the prior art has yet to provide a useful 
human peptide- based vaccine or therapeutic agent based on this work. The present 
invention provides these and other advantages. 



3. 

SITOMARY OP THE INVENTION 
The present invention immunogenic peptides having binding motifs for 
MHC Class I motecules. The immunogenic peptides are typically between abont 8 and 
about 1 1 residues and comprise conserved residues involved m binding proteins encoded 
by the appropriate MHC allele. A number of aliete .specific motifs have been identified. 

For instance, she motif" for H LA- AD. 2 comprises from the K-termtnu* so C- 
fenrmu-s a first conserved residue of L, M, I, V. $ : A. T and F a? position 2 and a second 
conserved residue of K, R or V at the C-terminal end. Other fust conserved residues are 
C, G or i"> and alternatively E. Other second conserved residues are H or ,F. The first and 
second conserved residues are preferably separated by o to ? residues. 

The morif fo? HLA-AJ comprises from the N-te? minus 10 'die C-terminus a 
first conserved residue of 7, S or M„ a second conserved residue of D or E, and a third 
conserved residue of Y. Other second conserved residues are A, $ or T. The first ana 
second conserved residues are adjacent and are preferably separated from the third 
conserved residue by 6 to 7 res-does, a second moti! consists of a first conserved residue 
of E or D and a second conserved residue of Y where the first and second conserved 
residues arc separated by 5 to 6 residues. 

The motif for HLA-A1 1 comprises from the N-tenninus t. 0 the O termsnns a 
first conserved residue of T or V at position 2 and a €- terminal conserved residue of K. 
The firs- and second conserve residues are preferably separated by 6 or 7 residues. 

The motif for RLA-A24. 1 comprises from the N~termlmjs to the C- terminus 

6 first conserved residue of Y, F or \V at position 2 and a C terennat conserved residue of 
■b, L W, M or L The first and second conserved residues are preferably separated bv 6 to 

7 residues. 

Epitopes on si number of potential target proteins can be identified m this 
manner. The peptides can be prepared based on sequences of antigenic proteins from 
pathogens (e,£. , viral pathogens, fungal pathogens, baeiemd pathogens, protozoal 
pathogens, and the like.; or from antigens associated with cancer. Examples of statable 
antigens include prostate specific ant-gen (PSA), hep*. it* 8 core and surface antigens 
(HBVc, HBVs) hepatitis C antigens, malignant melanoma antigen {MAGE- is Epstein- Barr 
virus antigens, human immunodeficiency type- 1 virus (HIV J) and papilloma vires 
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antigens. The peptides or nucleic acids thar encode mem are useful m pharmaceutical 
compositions for both mlvivo and c*. .vivo therapeutic sod diagnostic applications 

Definitions 

The term "peptide" is used interchangeably with "oligopeptide" in the 
present specification to designate a series of residues, typically L-aminc acids, connected 
one k> the other typically by peptide bonds between Use alpha-ammo and cartxmy! groups 
of adjacent ammo acids. The oligopeptides of the invention are less than about \5 residues 
in length arid usually consist of between about 8 arid about 1 1 residues, preferably <) or H) 
residues. 

An "immunogenic peptide" is a peptide which comprises an ailele-speciilc 
motif such thai the peptide win hind the MHO allele and be capable of inducing a CTL 
response. Thus., immunogenic peptides are capable of binding so an appropriate class I 
MHO molecule and inducing a cytotoxic T cell response against the antigen from which 
the immunogenic peptide is derived. 

The relationship between binding affinity for MHC class I molecules and 
imrounogemcuy of discrete peptide epitopes has been analyzed in two different 
experimental approaches (Sett*, et a/., ./. Immunol. , 153:5586-5592 (1994)}. In the first 
approach, the immunogenicity of potential epitopes ranging In MHC binding affinity over 
a I0\0G0-foid range was analyzed in HLA-A A 0201 transgenic mice, in the second 
approach, the antigenicity of approximately 100 different hepatitis 8 virus i'HBV}- derived 
potential epitopes, all carrying A x 020l binding ;nmifs. was assessed by using FBI. of acute 
hepatitis patients. In both cases, a was found thai an affinity threshold of approximately 
MX) vM ; preferably $00 nM or less) determines the capacity of a peptide epitope to eboi a 
CTL response. These data correlate well with class 1 binding affinity measurements of 
either naturally processed peptides or previously described T ceil epitopes. These data 
indicate, the important role of determinant selection m the shaping of T ceil responses. 

A "conserved residue" is an amino acid which occurs in a significantly 
higher frequency than would !>e expected by random distribution at a particular position in 
a peptide motif. Typically a conserved residue is one af which the immunogenic peptide 
may provide a contact point with the MHC molecule. One to three, preferably two, 
conserved residues wdtuu a peptide of defined length defines a motif for an immunogenic 



5 

peptide. The.se residues are typically in close contact wuh the peptide binding groove. 
=> th ' a u tnmtu s po sK ' v f > oou' v» ^p^ih a 

immunogenic peptide will comprise up to three conserved residues, more* usually two 
con served resid yes . 

As used herein, "negative binding residues" are amino acids which if 
present at certain positions wilj resell in a peptide being a nonbioder or poor binder and m 
turn fan to induce a CTL response despite the presence of the appropriate conserved 
residues Within the peptide. 

The term "motif* refer-; to the pattern of residues in a peptide of defined 
.length, usually about 8 to about } I amino acids, which is recognized by a particular MHC 
allele. The peptide motifs are typically different for each human MHC alkie and differ >n 
the pattern of the highly conserved residues. 

The binding motif for an allele can he defined with increasing degrees of 
precision, in one ease, ail of the conserved residues are preset in -he correct positions in 
a peptide ;*nd there are no negative binding residues present. 

The phrases "isolated* or "biologically pure" refer to material which is 
substamiaUy or essentially free from components which normally 'accompany it as found in 
its native state Thus, the peptides of this invention do not contain materials normally 
associated with their ® sjjii environment, e.g., MHC I molecules on antigen presenting 
ecus, hver- where a protem has been isoU-ed to a homogenous or dominant band, there 
are trace contaminants -n the range of 5-\t)% of native protein which co-pun fy with the 
desired protem. isolated peptides of this invention do not contain such endogenous co- 
purified protein. 

The term "residue" refers an amino acid or amino acid mimetic 
incorporated m a oligopeptide by an amide bond or amide bond mimetic. 

DESCRIPTION Of THF: PREFER REE* EMBODIMENTS 
The present invention relates to the determination of allele -.specific peptide 
motifs for human Ciass i MHC f sometimes refened to as HLA) alk-ie tubtvoes These 
motifs are then used u.- define T cell epitopes from any desired antigen, oarticuiady those 
associates wjth human viral diseases, cancers or auioimmime diseases, for which the 
ammo mi sequence of the potential antigen or aistoanngen targets is known. 
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Epitopes on a number of potential target pro- sins can be identified in this 
manner. Examples of suitable antigens include prostate specifk antigen (PSA), hepatitis 
core and surface antigens tHSVc, HBVs.i hepatitis 0 antigens, Eps-em-Barr virus antigen 
melanoma antics K.g., MAGE-1). human immunodeficwniy virus (HIV) antigens and 
5 hmun papilloma virus (HPVs antigens. 

Autoimmune associated disorders for which the. peptides of the invention 
may be employed to relieve the symptoms of, treat or prevent the occurrence or 
reoccurrence of include, for example, multiple sclerosis (MS), rheumatoid arthritis (RA), 
Sjogren syndrome, scleroderma, polymyositis, derro&tomvositis. systemic lupus 

.10 erythematosus, juvenile rheumatoid arthritis, ankylosing spondylitis, myasthenia gravis 

i'MCs}, bullous pemphigoid (antibodies to basement membrane at dermal- epidermal 
junction), pemphigus (antibodies to mucopolysaccharide protein complex or i n traced mar 
cement substance), glomerulonephritis (antibodies to glomerular basement membrane), 
Goodpasture's syndrome, autoimmune hemolytic anemia (antibodies to erythrocytes). 

IS Hashimoto's disease (antibodies to thyroid), pernicious anemia (antibodies to intrinsic 

factor), idiopathic thrombocytopenic purpura (antibodies to platelets). Grave's disease, ar 
Addison's disease (anribod-es to thyroglnbuim), and the like. 

The autoantigens associated with a number of these diseases have been 
identified, for example, in experimentally induced autoimmune, diseases, antigens 

20 involved in pathogenesis have been characterized: in arthritis in rar and mouse, native 

typed! collagen is identified m collagen-induced arthritis, and mycobacteria! heat shock 
protein in adjuvant arthritis: thyroglobulln has been identified in experimental allergic 
thyroiditis (EAT) in mouse; acetyl choline receptor f AChK) in experimental allergic 
myasthenia gravis (EAMG): and myelin bask- protein {MBPi and proteoHpid protein 

25 (PLPj in experimental allergic encephalomyelitis <EAE> in mouse and rat. In addition, 

target antigens have been identified in humans: type -ii collagen in human rheumatoid 
arthritis; and acetyl choline receptor -n myasthenia gravis. 

Without wishing to be bound by theory, it is believed that the presentation 
of antigen by HI. A Class 1 mediates suppression of autoreacti ve T ceils oy C?>8" 

30 suppressor T ceils Live, <',e. , Jiang v? ai. Science 256. i?.13 (1992) >. Such suppressor T 

ceils release cytokines such as transforming growth faetor-p (TGP£). which specifically 
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inhibit the autoreactive T cell*. Miller a ai. /Vor. Natl. Acad. Sn. VSa 85:42 J -425 
(1992). 

Peptides, comprising the epitopes iron: $h«se antigens are synthesized arid 
then tested for iheir ability u> l>in«.1 to the appropriate MHC molecules m assays using, for 
example, purified class I molecules arid radsoiodonaled peptides and/or cells expressing 
empty class I molecules by. for instance, immuitofiuctresceiH staining and flow 
nucmfluorimetry. peptide -dependent class i assembly assays, and inhibition ofCTL 
recognition by peptide competition. Those peptides tna: bind to the class I molecule are 
further evaluated for their ability io serve as targets for CTU derived from injected or 
immunize individuals as well as for their capacity to induce pnenarv U ; sjJ£i> or m vis 
CTL responses that can give rise u> CT1. populations canape of reacting with vsrahv 
mfeored target cells or tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HI.. A -A, B, and C loci. 
HI. A- A and E antigens are expressed at the. cell surface at approximately equal o'ensnies. 
whereas the expression of HLA-C is st^dicanUv lower (perhaps as much as 50 fold 
lower). Lach of these loci have a number of Nicies. The peptide binding motifs of the 
invention are relatively specific for each allelic subtype. 

For peptide-based vaccines, the peptides of the present invention preferably 
comprise a motif recognized by an MHC 1 molecule having a wsde distribution st) the 
• umn^p.MP Si^tlKMHf i J^.k, n , « ^ ^.e * 'n rK.ih to,, 
ethnic groups and races, the choice of target MHC allele may depend upon the target 
population. Table 1 shows the frequency of various allele, at the HLA-A locus products 
among different races. For instance, the majority of the Caucaxad population can be 
covered by peptides which bind to f«ur HI. A- a allele subtypes, specifically HLA-A2.I, 
A! , A3. 2, and A24. S. Similarly, the majority of the Asian population is encompassed 
with the addition of peptides binding to a fifth allele HLA-A 1 1.2. 
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N ~ negroid; A ~ Assan; C - eaucasnid. Numbers in 

parenthesis represent the number of individuals included m the analysis. 
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The nomenclature used to describe pepiidc compounds follows the 
conventional practice wherein the amino group is pjesecjted *o the left (the N-ienniniisj and 
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tee earboxyi group to the rigm tjhe C-t&rmwtis> of each atni.no acid residue. In the 
formula* representing .selected specific embodiments of the present invention, the amino- 
and cartwxyl-termioal groups, although no; specifically shown, are in the form they worn 
assume at physiologic pH values, unless otherwise specified, in the amino acid structure 
formulae, each residue is generally represented by standard three letter or single letter 
designations. The L-form of an annno aesd res-due i« represented by a capital single iefte 
or a capita; first letter of a three-letter symbol, and the D-form for those amino acids is 
represented by a lower ease single letter or a lower case three letter symbol. Glycine has 
no asymmetric carbon atom and is si reply referred ro as "Gly'' or G 

The procedures used Jo identify peptides of the present invention generally 
fellow the methods disclosed m F<dk a ai , Mature 35 h 290 f:99i). whach is incorporated 
r-erein Sy reference. Briefly the methods involve large-scale isolation of MHC class I 
molecules, typically by tromuooprapitation or affinity chromatography, from the 
appropriate ceil or ceil line Examples of other methods for isuiatton of the desired MHC 
molecule equally well known to the artisan -ncUtk ion exchange chromatography, lectin 
chromatography, size exclusion, high performance hg<-md chromatography, and a 
combination of all of the above techniques. 

A large number of eells with defined MHC molecules, particularly MHC 
Class .1 molecules, are known and readily available. For example, human 
EBV-u-ansfbrmed B ceil imes have been shown to fv eseellen- sources for die preparause 
isolation of class .! and class ii MHC molecules Well -characterized cell lines are amiable 
from private and commercial sources, such as Asm-near, Type Cult!; re- Collection 
("Catalogue of Ce« Lines and Hybndomas," 6th edition fi9SS.; RockvUle, Maryland, 
U.S. A,}; National institute of Gensral Medtcai Sciences 1%>0/J99i Catalog of Ceil Lines 
iNiOMSi Human Genetic Mntant Cell Repository, Camden. Nj; and ASH) Repository. 
Bingham and Women's Hospital, 75 Francis Street. Boston, MA (1:115. Table 2 lists 
some B ceil Hoes suitable for use as sources for HLA-A alleles. Ail of these cell lines can 
he grown in .large batches and are therefore useful for large, scale production of MHC 
molecules. One of skill will recognize that ihese are merely exemplary cell lines and that 
mans other cell souic*.- can be employed s -> : !a- LBV ?> ,oC, m-.s rum,^\j>o»;> for 
HLA-B and HI.A--C could serve as sources for HLA-B and HLA-C alleles, respectively. 
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1' ABLE > 

HUMAN CELL ONES WLA-a SOURCES) 



MM 

COX i-o:2s 

STllNllN 



In she typical case., »romunop»ee«pttarion W used to isolate the desired allele. 
A number of protocols can be ussrd. depe«d>ng upon the *peci!icity of the antibodies used. 
For exampk. alkk-spechlc wAb reagents can bo used for the affinity purification of thfc 
15 Hl.A-A. HLA-B, and HL.A-C molecules. Several roAb reagents for the isolation ot BLA- 

A molecules are available (Table 3>. Thus, for i-aeh of she targeted HLA-A alleles, 
reagents are available that may be used mr the direct isolation of the HLA-A molecules. 



n 

Affinity columns prepared with these mAbs using standard it.-chn3ques are success fully 
mzti to pur;fy the respective HI.A-A allele products. 

In addition to aJiele-specjfjc mAbs, broadly 
reaesive anu-HLA-A. B, C mAto, such as W6/32 and BO. 12.1, and one anti-HLA-fi, C 
mAb, Bl .23. :\ could be used m alternative aflimty purification protocols as described in 
lite example section belo* . 

TABLE 3 
A NTiBODY REAGENTS 



12/18 

o.w^ i.v.tv. \ tm:z) 

Ki' :ht (A'UV, }m\w>. 



til % U 
HI V-^ 
K. A. 24 
Hi \ \ B C 

W A T l 

sVt * V HO"^^ 



» V s bo-jnd ro the por**t-!e hidms; Ei,\nr e; rre jmjVc! MHC 

modules are elated typically using ac«i treatment. Peptides car; ala, be dissociated mm 
class I molecules by a variety of standard denaturing means, such a.s heat. pR. deleters ts 
salts. chaotropso agents, or a eombjrwtkm thereof. 

Peptide fractions au<. further separated from the MHC molecules by 
reversed-phase high performance liquid chromatography (HPLQ and .sequenced. Peotidt 
car: be separate by a variety of other .standard means well known to the artisan, induci-is 
nitration, ultra filtration, electrophoresis, size chromatography, precipitation with syeeifk 
antibodies, ion exchange chromatography, i^eatofneusing. and the like. 
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Sequencing of the Isolated peptides can be performed according to standard 
techniques such as Edman degradation {f-kmkapilk-r, M.W., ei.aL. Miiinadi.EaSiiiixaL 11- 
3<?v [i983]y Other methods suitable tor sequencing include mass spectrometry .sequencing 
of individual peptide* as previously described (Hunt, e? »}., Svt&&£. 225:1261 (1992), 
5 which is incorporated herein by reference!. Aminu ae;d sequencing of bulk heterogenous 

peptides pooled KP1..C fraet-ons; from differ?! it class 1 molecules typically reveals a 
characteristic sequence motif fox each class 1 allele. 

Definition of motifs specific for different class I alleles allows the 
identification of potential peptide epitopes from an antigenic protein whose arm no aad 

10 sequence is known. Typically, sdentifieano?: of potential peptide epitopes is initially 

carried out using a computer to scar: the amino acid sequence o: a desired antigen for the 
presence at motifs. The epnepic sequences are then synthesizes] The capacity to bind 
MHC Class molecules is measured in a variety of different ways. One means is a Class 1 
molecular binding assay as describee, for instance, in the related applications, noted 

15 above. Other alternatives described in the literature include inhibition of antigen 

presentation (Setie, et ah, llaimutiaL J41*38P3 099H. iiiyim assembly assays 
(Townseod, et .Ceil 62:285 (]<Wl, and FACS based assays using mutated ceils, such 
as RMA.S (Mehef, etah. Bur. J. Immunol. 2i:?m [1991]}. 

Next, peptides that test positive in the MHC class I binding 'assay are assayed 

20 for the ability of the peptides to induce specific CTI . responses uutUlu. For instance. 

antigen-presenting cells that have been Incubated with a peptide can be assayed for the 
ability to induce CTL responses in responder cell populations. Antigen-presenting cells 
can be norma! cells such as peripheral blood mononuclear ceils or dendrite cells (inaha, et 
ai., L..E^MfcL \**>:l%2 <19S7k Boor, BslJ* Jzaixataal ■ IH:2I^ [19881). 

25 Alternatively, mutant mammalian cell lines that are deficient in their ability 

to load class I molecules with internally processed peptides, such as the mouse cell lines 
KM.A-S tKarce. et ai.. jbbtUK, 3.19:675 {1986?; Lmnggrem el ai., fc«f, L Immunol 
2l;296.V29?0 ( 199 i}), and the human somatic T cell hybndoma, T-2 (Certmdoio, et ah. 
'.''4.S.-*49-45i: (19911,'- and which have been transi'e;. led with the appropriate human 

31) class 1 genes are conveniently used, when peptide is added to them, to test for the capacity 

of ilte peptide to induce in vitro primary C'T'i.. responses. Other eukarvotic cell line;: which 
could be used include various insect cell bees such as mosquito larvae CATCC cell lines 
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CCI. ilS. 126. I6b0 t 159 i, 658M, 6586^ ssikwono (A'Tl'C CfcL 885 J}, at my worm 
1ATCC CRT.. !?! 1 i, mofh {ATCO CCI... 80} and Drosophil* eel: line* such as a Schneider 
ceH Une Schnekte JU^^L£^..Ma«q?J^ 27:353-365 (i<«7jy That have been 
transected with me appropriate human class i MHC aside encoding genes and the human 
B : , microglobulin, genes. 

Peripheral blood lymphocytes are conveniently isolate following sjmrie 
venipuncture or Jeukaphert&i» of normal donors or patieriK and used as the responder cell 
sources of CTL precursors, in one embodiment, the appropriate antigen-presenting cells 
are incubated with 10-iOO^M of peptide in serum- free media for 4 bow under 
appropriate culture conditions. The peptide -loaded antigen -presenting cells are then 
incubated with the responder cell populations m..VilfO for 7 to SO days under optimized 
cukuo c-ner,^ Pos^tv, CTL aeuxa^ can be dimmed K „, s ,y. H the , . c„ c , 
the presence of CTLs that kill radiolabeled target cells, both >peeific peptide-pnised targets 
as well as targe- cells expressing endogenous pro,esscd farm of the relevant virus ox 
tumor antigen from which the peptsde sequence was derived. 

Specificity and MHC restriction of -he CTL. is determined by testing against 
different peptide target cells expressing appropriate or Inappropriate human MHC class i. 
The peptides thai test posthve in the MHC hinding assays and gm> rise to specific CTL 
responses are referred to herein as immunogenic peptides. 

The immunogenic peptides can he pr^r^l synthetically, or by recombinant 
DMA technology or isolated from natural sources such as whole viruses or tumors. 
Although the pepUde will preferably be s»bstantialiy free of other natucallv occurring bost 
cell proteins and fragments thereof, in some embodiments the peptides can be synthetical^ 
conjugated to native fragments or particles. The polypeptides or peptides can be a varictv 
of lengths, either in their neutral uncharged! forms or tn forms which are salts, and either 
free of .dificgf ions such as glyeosyiauon , side c ham ox ida* ion . or phosphoryiat lor, or 
containing these modifications, subjeet to the condition that she modification not destroy 
the biological activity of me polypeptides as herein described. 

Desirably, the peptide will be as small as possible while still maimamsm- 
substantially all of the biological activity of the large peptide. When possible., v, may he 
desirable to optimize peptides of the invention to a kngth of « or 10 ^mo acid residues. 
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commensurate in size with endogenous? proct-sstrd viral peptides or rumor ceil peptides 
thai are bound to MHC class 1 molecules on she cell surface. 

Peptides having She des-reo activity may he modified as necessary to piovide 
certain desired attributes, e.g.. improved pharmacological characteristics, while increasing 
oral least retaining substantially ail of the biological activity of the unmodified peptide to 
bind the desired MHC molecule and activate the appropriate 1' ceil. For instance, the 
peptides may he subject to various changes, such as substitutions, either conservative or 
nonconservative, where such changes might provide tor certain advantages in their use, 
such as improved MHC binding. By conservative substitutions is meant replacing an 
amino acid residue with another which is biologically and/or chemically similar. e.g , one 
hydrophobic residue tor another, of one polar residue fr»r another. The substitutions 
mciiKifc combinations such asGly, Ada; VaK lie, Leu, Met; Asp, Glut Asn. Ghr, Ser, Thr, 
Lys, Arg; and Phe, Tyr. The effect of single amino acid substitutions may also be probed 
using D- amino acids. Such modifications may be )v.<<Ac using well known peptide 
synthesis procedures, as described in e.g.. Merri field, 232:341-^4? U986), 

Baramy and Merrifiekl, Xb&IieaudO, Gross and Meienbofer, eds, (N.Y., Academic 

(Rockford. lih. Pierce), 2d Ed. 0984). mcorpwated by reference herein. 

The peptides can also be modified by extending or decreasing the 
compound's amino acid sequence, e.g., by flic addition or dele-ion of amino acids. The 
peptides or analogs of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated that eerta-n amino acid 
residues essential for biological activity, e.g. ; those at critical contact sites or conserved 
residues, may generally not he altered without an adverse effect on biological activity 
The noncritica; amino acids need not be limited to those naturally occurring in proteins, 
such as L-a-arrsino acids, or their D -isomers, but ■■•ay include non-natural ammo acids as 
well, such as fiy-oamino acids, as well as many derivatives of L- a- amino acids. 

Typically, a series of peptides with single, amino acid substitutions is 
employed to determine, the effect of electrostatic charge, hydrophobic^, etc. on binding. 
For instance, a series of positively charged {e.g., I .ys or Asgi or negatively charged {e.g.. 
Git.) amino acid substitutions ate made along the length of the peptide revealing difte/ent 
patterns of sensitivity towards various MHC molecules and T cell receptors, in addition. 
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multiple substitutions using small, relatively neutral moieties such as Ala, Ci!>% Pro, or 
sirnihar residues /nay be employed. The substitutions may be homo-oligomers or betero- 
oligomers. The number and typt-s of residues winch are substituted or added depend on 
the spactng necessary between essentia! contact points and certain functional attributes 
which are sought (e.g., hydrophohtcity versus hydrophilicity). increased binding affinity 
tor an MHC molecule or T cell receptor may also hi.- achieved by such substitutions, 
compared to the affinity of the parent peptide in any event, such substitutions should 
employ amino acid residues or other molecular fragments chosen to avoid, for example, 
stenc and charge interference which migbf disrupt tnnci 

Amino ae;d substitutions are typically of singie residues. Substitutions, 
deletions, insertions or any combination thereof may be combined to arrive at a final 
peptide. Substitutional variants arc those in which at least one residue- of a peptide has 
been removed and a different res-due inserted in its place. -Such substitutions general ?v are 
made m accordance wsth the fulkwing T;-,bie 4 when it <s desired to finely modulate the 



Ori ginal Residue 
Ala 
Arg 
Ash 
Asp 
Cyx 

G\a 

GSu 
Gf) 
His 
lie 
Leu 
Lys 
Met 
Phe 
Ser 
Tkr 
Trp 
Tyr 
Vai 
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TABLE 4 

E&tinglaqg Substitution 

ser 
!ys 
gin; hrv 

asp 
pro 
aso; gin 
ieir, val 

&rg 
k*u; iie 
met; leu; tyr 
thr 
ser 
tyr 
irp; phe 
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SuhsUiudai changes in fuocJkm (e.g.. affinii? tar MHC molecules or T cell 
receptors) are made by electing suhshtmlons that arc less conservative than those in T&bk 
4, !.e.. seicetmg residues rha? dtfter more <ct ? mn..antl> m thesr effect on maintaining <&) 
the structure of the peptide backbone m the area of the substitution, for example as a sheet 
or helical conformation. <h) the charge or hydrophobseiiy of the .molecule at the target sue 
or <c> the bulk of the side chain. The substitutions which in general are expected to 
produce the greatesi changes m peptide properties wili be those In which (a) hydnti>hi!ic 
residue, e g, seryl. is substituted tor (or by) a hydrophobe residue, e.g. ieucyi, isoieuoyj. 
phony ialanyl. valyi or afanyi; (h- a residue having an electropositive side chain, e.g.. 
lyxyl. arginyl. or histidyl, ;s sutjstitufed for (or by} an electronegative residue, e g. 
glutamyl or aspartyl; or (c) a residue having a bulky side chain, e.g. phenylalanine. 5S 
substituted for (or by) one not having a side chain, e.g., glveine, 

'The peptides may also comprise Isosteres of two or more residues irr the 
immunogenic peptide. An isostere as defied here is a sequence of two or more residues 
that can be substituted for a second sequence because the ste?ie conformation or the firs? 
sequence fits a binding sste specific for the second sequence. T he term specifically 
includes peptide backbone modifications well known to those skilled m the art. Such 
modifications include modifications at the amide nitrogen, the a-carhor;. amide carfcwyh 
complete replacement of the amide bond, extensions, deletions or backbone crosslinks 
Jks, ssnsim . Sparola , Qiejaiiirxiu^ 
£Dftaos. Vol V» (Weinstein ed . m.\). 

Modifications of peptides with vancus amino acid nineties or unnatural 
amino acids are particularly useful in increasing the .stability of the peptide in vjvrv 
Stability can be assayed in a number of ways. For instance, peptidases and various 
biological media, such as human plasma and serum, have been used to test stabtbtv. 

Verhoef Bu^XJ^U^^JaMill^.^ 1 i t 1^6} Halt hie of 
the peptides of the present invention is conveniently determined usmg a 25% human serum 
fv/vi assay. The protocol is generally as follows. I^oieo tinman serum fTy P e AB, 
non-heat inactivated) is dehpidated by cemtdugafion before use The serum is then diluted 
to 25% with RPMi tissue culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction solution is removed and added to 
either 6& aqueous trichloracetic acid or ethanoi. The cloudy reaction sample is cooled 
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t4°€) for 15 roinmes aud then spun to pellet the pree-piiated serum proteins:. The presence 
of the peptides is then determined by reversed -phase HPLO using stars; ihy-speoif-c 
chromatography conditions. 

The peptides of the present invention or analogs thereof' which have C'TL 
5 stimulating activity may be modified to provide de^red attributes ether than improved 
serum half life. For instance, the ability of the peptides to induce CTL activity can be 
enhanced by linkage to a sequence wh$ch contains at least one epitope that is capable of 
inducing a T helper ceii response. Particularly preferred immunogenic peptides'T helper 
conjugates are linked by a spacer molecule The spacer is typical iy comprised of relatively 

10 .small, neutral molecules, such as amino acids or amino acid micseucs, which are. 

substantially uncharged under physiological conditions The spacers are typically .selected 
from, e.g., A Ik, Gly . or other neutral spacers of nonpola? amino acids or neutral polar 
amino acids. It will he understood that the optional iy present spacer need mi be 
comprised of the same residues and thus may be a hetero- or homo -oligomer. When 

15 present, the spacer will usually he at te<sst one or two residues, more usually three to sis 
residues Alternatively, the CTL peptide may be linked to the T helper peptide without a 
spacer. 

The immunogenic peptide may he linked to the T helper peptide either directly 
or via a spacer either at the amino or earbosv terminus of the CTL peptsde. The amine 

20 terminus of either the immunogenic peptide or the "f helper peptide may be acvlated. 
In some, embodiments it may be desirable to include in the pharmaceutical 
compositions of the invention at least one component which assists in priming CTL. 
lipids have been identified as agents capable of assisting the. priming CTL iajdvfi against 
viral antigens. For example, palmitic acid residues can be attached to the alpha and 

25 epaion amino groups of a Lys residue and then linked, e.g , via one or more linking 

residues seen as Gly, Giy-Giy-, Ser, Ser-Ser, or the like, to an immunogenic peptide. The 
tipidated peptide can iften be injected directly in a rmceliar form, incorporated into a 
liposome or emulsified in an adjuvant, e.g.. Incomplete Preuud's adjuvant. In a preferred 
embodiment a particularly effective imrnunogen comprises palmitic acid attached to alpha 

30 and epsitors amino groups of Lys. which is attached via linkage, e.g.. Ser-Ser. to the 
ammo terminus of the immunogenic peptide. 
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As another example of lipid priming of OIL resjx>nses, L...£vJ- lipoproteins. 
$ach as tripai nuioyl-S-glyceryicystcmiy^ry? -serine fP»€SS; can be used to prime vsrus 
specific CO.. when cov&le-nly attached ro an appropriate, peptide. See, Deres et «)., 
B&iaxx 342 561-564 (.1989s, uworpotated herein by reference. Peptides of the invention 
can he coupled to P,CS$, for example, arid the hpopeptide administered to an individual to 
specifically prime a CTL response to the targe? antigen. Further, as the induction of 
neutralizing antibodies can also be primed with P.CSS conjugated f.o a peptide which 
displays an appropriate epitope, the two compositions can be combined to more effective} v 
elicit both hnnmral and cell-mediated responses to infect ion. 

in addition, additional amino acids can he added to the termini of a peptide to 
provide for ease of linking peptides one to another, for coupling to a earner support, or 
.larger peptide., for modifying the physical or chemical properties of the peptide or 
oligopeptide, or the like. Amino acids such as tyrosine, cysteine, jysme, glutamic or 
aspartie acid, or the like, can be introduced at the C- or N-termious of the peptide or 
oligopeptide. Modification at the C terminus in some cases may alter binding 
characteristics f * &e peptide. In addition, the peptide or oligopeptide sequences can differ 
from the natural sequence by being tnodified by terminaPNH, acylatton, e.g., by alkanoyi 
tC ; ■€,,,} or thfoglycolyi acetylatton, terminai-earhoxyi xtroidaoon. e.g . ammonia, 
methyl&rnine, etc. in some instances these mothHcations may provide sites for linkmg to a 
support or other molecule. 

The peptides of the invention can he prepared in a wale variety of wavs. 
Because of then- relatively short s;?e, the peptides can oe synthesiser; in solution or oh a 
solid support, in accordance with conventional techniques Various automatic synthesizers 
are commercially available and can be used in accordance with known protocols. See. for 
example, Stewart and Young, Solid Phase Peptide Sypfoesh . 2d. ed.. Pierce Chemtcai Co. 

am w . 

Alternatively, recombinant OH A technology may be employed where- n a 
nucleotide sequence which encodes an immunogenic peptide of interest is inserted into an 
expression vector, trans for sued ot rransfeeted into an appropriate host eel; and cultivated 
tinder conditions suitable for expression. These procedures arc generally known in the an, 
as described generally tn Sambrook ei a!.. MuijSSuarJJi!^^ Cold 
•Spring Harbor Press, Cold Spring Harhor. New York (m2), which is incorporated herein 
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by reference. Thus, fusion proteins which comprise one or mote peptide sequences of the 
invention can be used to present the appropriate T ceil epitope 

As the coding sequence for peptides of the length contemplated herein can he 
.synthesized by chesracal techniques, for example, the phosphotricsier method of Matseucei 
et a!., j.,.A0.^..CMQl<..S.O£. t 103:3 J 8S £1981;, modification can be made simply by 
substituting the appropriate base(s) for those encoding the native peptide sequence The 
coding sequence can then be provided with appropnaie linkers and ligated into expression 
vectors commonly available in the art, and the vectors used to transform suitable hosts to 
produce the desired fusion protein. A number ot such vectors and suitable host systems 
arc now available. For expression of die fusion proteins, the eodmg sequence will be 
provided with operabiy linked start and stop eodons. pmmot^r and terminator regions and 
usually a replication system to provide an express-on vector for expression in the desired 
cellular hosr. For example, promoter sequences compatible with bacterial hosts are 
provided in pl&smids containing convenient restriction sites for insertion of the desired 
coding sequence. The resulting expression vectors are transformed into suitable bacterial 
hosts. Of course, yeast or mammalian cell hosts may also be used, employing suitable 
vectors and control sequences. 

The peptides ot the p;esent invention and pharmaceutical and vaccine 
compositions thereof" are useful for administration to mammals, particularly humans, to 
treat and/or prevent viral infection and cancel-. Examples of diseases which can be Treated 
usmg the immunogenic peptides of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, lymphoma, CMV and 
condiyloma acu m tnatum . 

For pharmaceutical compositions, the immunogenic peptides of me invention 
are administered to an individual already suffering from cancer ot infected with the virus 
of interest. Those in the incubation pha.se or the acute phase of infection can be treated 
with the immunogenic peptides separately or in conjunction v-i?h other treatments, as 
appropriate, .in therapeutic applications, compositions are administered to a patient in an 
amount sufficient to eiicu an effective CTL response to she virus or tumor antigen and to 
cure or a; least partially arrest symptoms and/or complications An amount adequate to 
accomplish this is detuned as "therapeutically effective dose." Amounts effective for this 
use will depend on, e.g., the peptide composition, the manner of admin -strati; m. the stage 
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and severity of the disease being treated, the weight and general state of health of the 
patient, and the judgment of the preserving physician, but generally range for the initial 
immunisation I that is tor therapeutic or prophylactic at! rn in; st ration) from about 1 0 -;g to 
about 5000 of peptide for a 70 kg patient, followed by boosting dosages of from about 
1.0 yg to about 1 000 Mg of peptide pursuant to a boosting regimen over weeks to momhs 
depending upon the patient's response and condition by measuring specific CTl. activity in 
the patient s biood. ft must be kept in mind that the peptides and compositions of the 
present invention may generally be employed in serious disease states, that is, life- 
threatening or potentially life threatening situations. in such cases ; in vie* of the 
minimization of extraneous substances and the relative nontoxic nature of the peptides, it is 
possible and may be felt desirable by the treating physician to administer substantial 
excesses ot these peptide compositions. 

For therapeutic use. administration should begin at the first sign of viral 
infection or the detection or surgical removal of tumors or shortly after diagnosis in the 
case of acute infection, 'litis is followed by boosting doses until at least symptoms are 
substantially abated and for a perind thereafter. In ,-hronie infection, loading doses 
followed by boosting doses may be requited. 

T reatment of an infected individual with the compositions of the invention may 
hasten resolution of the infection m acutely infected individuals. For those individuals 
susceptible (or predisposed* to developing chronic infection the compositions are 
particularly useful in methods for pie venting the evolution front acme to chrome infection. 
Where the .susceptible individuals are identified prior to or during infection, for instance, 
as described herein, the composition can be targeted to them, minimizing need for 
administration to a larger population. 

The peptide compositions can also be used for the treatment of chronic 
mfeeben <tik. ti> <.;jmnhiV re surname tns-em a, r.:>\,a.' \r!.,-mvcted „dK sn ^,o;^:s 
If is important to provide an amount of insmuno- potentiating peptide in a formulation and 
mode of administration sufficient to effectively stimulate a cytotoxic Tee)! response. 
Tims, for treatment of chronic infection, a representative dose is in the range of about 1.(1 

to sboiit 5000 ^g, preferably about 5 to I0o0 ;,g for a 70 kg patient per dose, 
immunizing doses followed by boosting doses at established intervals e. K . frum tine to 
iour ™*y be required, possibly for a prolonged period of time ?o effectively 
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immunise an individual, in the case of chronic infection, administration should continue 
until at least clinical symptoms or laboratory tests mdlcate that the viral infection has bee?; 
eliminated or substantially abated and for a period thereafter. 

The. pharmaceutical compositions for therapeutic treaimem arc intended for 
parenteral, topical, oral or local administration. Preferably, the pharmaceutical 
compactions are administered parenterals, e.g., intravenou^y, subcutaoeously, 
imradeimaily, or intramuscularly. Thus, the invention provides impositions for 
parenteral administration which comprise a solution of trie immunogenic peptide* dissolved 
or .Miipersded m an acceptable carrier, preferably an aqueous carrier. A variety of aqueous 
carriers may be used, e.g.. water, buttered water. 0.9% saline, 0.3* glycine, hyaluronic 
acid and the like. These compositions may he sterilized hy convent tonal, well known 
sterilization techniques, or may be sterile filtered. The resulting aqueous solutions may be 
packaged for use as is, or lyophlim-d. the lyophilkeo preparation being combined with a 
sterile solution prior to administration. The compositions may contain pharsnaceu-kahy 
acceptable auxiliary substances as required to approximate physiological conditions, such 
as pH adjusting and buffering agents, tonicity adjusting agents, wetting agents and the iise, 
for example, sodium acetate, sodium lactate, sodium chloride, potassium chloride, calcium 
chloride, serbitan monolaurate. triethanoiarnine oieate, etc. 

The concentration of CTL stimulatory peptides of the invention in the 
pharmaceutical formulations can vary widely, i.e.. from k-ss than about 0,1%, usually at 
or at least about 2% to as much *s 20> to %)% or more by weight, and will be selected 
primarily by fluid volumes, viscosities, etc., in accordance with the particular mode of 
administration selected. 

The peptides of the invention may also be administered via liposomes, which 
target the peptides to a particular ceils tissue, such as lymphoid tissue. Liposomes are also 
useful in increasing the half-life of the peptides. Liposomes Include emulsions, foams, 
micelles, m.volubie monolayers, liquid crystals, phospholipid dispersions, lamellar layers 
and the like. In these preparations the peptide to be delivered is incorporated as pari of a 
liposome, alone or in conjunction with a molecule which binds to, e.g.. a receptor 
prevalent among lymphoid celts, such as -mtnoc'tonai antibodies which bind to the CD*S 
antigen, or with other therapeutic ct immunogenic compositions. Thus, liposomes filled 
with a desired peptide of the invention can hs directed to the sue of lymphoid cells, where 
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me hpo-somes then deliver the selected inerepcmic/nnmuriogemc peptide compositions. 
Liposomes for use in the invention are formed from standard vesiUe-fonning lipids, which 
generally include neutral and negatively charged phospholipids and a sterol, such as 
cholesterol. The election of lipids is generally guided by consideration of, e.g., liposome 
st/e. acid lability and stability of the liposomes in the blood stream. A variety of methods 
are available for preparing liposomes, as described in, e.g.. Szoka et ai , Ann. Rev. 
ffiopby&JBfrgng- 9;467<i980). U.S. Patent N<*. 4,235.871, 4 .50 J .728. 4, $37,028. and 
5,019,369, incorporated herein by reference. 

For targeting to the immune cells, a Ugand to be incorporated into the 
liposome can include, e.g., antibodies or fragments thereof specific for eel! surface 
determinants of the desired immune system cells. A liposome suspension containing a 
peptide may be administered intravenously. locally, topical ly, etc. in a dose which varies 
according to, lateralis, the manner of administration, the peptide being delivered, and -he 
stage of the disease being treated. 

Far solid compositions, conventional nontoxic solid carriers may be used 
*hieh mciode, for example, pharmaceutical grades of manrutcf, lactose, starch, 
magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium 
carbonate, and the like. Far oral administration, a pharmaceutical!)' acceptable nontoxic 
cornpoawm is formed by incorporating any of the normally empioyed excipients, such as 
those carriers previously listed, and generally )Q-<i5% of active Ingredient, that is. one or 
more peptides of the invention, and snore preferably at a concentration of 25 

For aerosol administration, the immunogenic pep-ides are preferably supplied 
m finely divided form along with a surfactant and proprilaiw. Typical percentages of 
peptides are 0.01 %-20% by wetght, preferably 1 %- >G% . The surfactant must, of coarse, 
be nontoxic, and preferably soluble in the propeJiam Representative of such agents are 
the esters or partial esters of fatty acids containing from 6 to 22 carbon atoms, such as 
caproic, octanoic, iaunc, prdnnne, stearic;, hnoleio, Imolemc. olesier-c and oleic acids with 
an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed esters, such as mixed or 
natural glycerides may be employed. The surfactant may constitute 0. 1 %-20% by weight 
of the composition, preferably 0.25-5%. The balance of the composition is ordinarily 
propeliam. A carrier can also be included, as des-red, as with, e.g.. lecithin for intranasal 
delivery. 
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an active ingredient an immunogemcdUy effective amount of an immunogenic peptide as 
described herein. The peptidets) may be introduced into a host, including human,;, linked 
to its own carrier or as a horoopoiymer or heteropoiymer of active peptide umts. Such a 
polymer has the advantage of increased immunological reaction and. where different 
peptides are used to make up the polymer, ths additional ability to induce antibodies 
and/or OTLs that react with different antigenic determinants of the virus or tumor cells. 
Useful carriers are well Known in ihe art, and include, e.g., thyroglobulin, albumins such 
as bovine serum albumin iotuci. s nvoid, po ^ o acids such as p<> vt clctrtv.. 
acid), hepatitis* B Virus core protein, hepatitis B virus recombinant vaccine and the like. 
T he vaccines can also contain a physiologically tok-rahie (acceptable-) diluent such as 
wale?, phosphate buffeted saime, or saline, and fcrthe; typically include an adjuvant. 
Adjuvants such as incomplete Freund's adjuvant, aluminum phosphate, aluminum 
hydroxide, or alum are materials well known m the art And. as mentioned above, CTL 
responses can be primed by conjugating peptides of 5 he invention to lipids, such as J\CSS. 
Upon minimization with a peptide composition as described herein, via injection, aerosol, 
oral, transdermal or other route, the immune system of the host responds to the vaccine by 
producing large amounts of CTLs specific tor the des-red antigen, and the host becomes as 
least partially immune to later infection, or resistant ,o developing chronic infection. 

Vaccine compositions containing the peptides of the invention are administered 
to a patient susceptible to or otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the patient's own immune response 
capabilities. Such an amount is defined so be an "iiinnunogenicaliy effective dose." in 
this use, the precise amounts again depend cm the patient's state of health and weights the 
mode of administration, the nature nf the lotm-narkm, etc., but generally range from aouui 
1 .0 fc about 5000 -vg per 70 kilogram parient, more commonly from about 10 us to 
about 500 fig rog per 70 kg of body weight. 

in some instances if may be desirable to combine the peptide vaccines of the 
invention with vaccines which induce neutralizing antibody responses k> the virus oi 
interest, particularly to viral envelope antigens. 
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peptides of die invention car, also be expressed by attenuated viral hosts, such as vaccim* 
or fowipov This approach jo wives ttxt use of vaccinia virus as a vector to express; 
nucleotide sequences that encode ihe peptides of the invention Upon introduction mto a 
acutely or chronically infected host or into a nrmmfected host, the recombinant vaccinia 
virus expresses the immunogenic peptide, arid thereby elicits a host CTL response. 
Vaccinia vectors and methods useful m immunisation protocols are described in, e.g., If 
Patent No 4,722,848, incorporated herein by refe/ence. Another vector is BCG fBac-ile 
Calnwtte Guerin). BCG vectors are described m Stover ei a;. iB&mL 35L456-460 
(1991)) which us incorporated herein by reference. A wide variety of other vectors usefu 
tor therapeati;. administration or immunization of the peptides of the invention, e,q., 
Xlr, Ci&^, iH^, <<e,n> ? , a- ; d t iis , ^ i *e epp »ro< * \> th ,t s s , d t ^ the a\ * o \ , c 
description herein. 

Nucleic acids encoding one or more of the peptides of me invention can also 
be admisirered to the patient This approach is dese? shed, for instance, in Wolff a. at. 
Sclera 247: 1465- 1468 (J 990) as weil as U.S. Patent Nos. 5.580.8S<> and 5,589,466. 

A preferred cleans of admtmsrermg nucleic acids encoding ihe peptides of the 
invention uses minigene constructs tnending multiply epitopes of the .invention. To create 
DNA sequence encoding the selected CTL epitopes fmmlgene} for expression in human 
cells, the amino acid sequences of the epitopes are reverse translated. A human codon 
usage table is used to guide the codon choice for each ammo acid. These cpitope-en-xxhn:: 
DNA sequences are directly adjoined, creating a continuous polypeptide sequence. To 
optimize expression and/or immunogenic* t>\ additional dements can he incorporated into 
the minigene design. Examples of ammo actd sequence that conid be reverse translated 
and Indadcii in she minigene sequence include, helper T lymphocyte epitopes, a leader 
(signai) sequence, and an endoplasmic reticulum retention signal, fn addition, MHC 
presentation of CTL epitopes may he improved by induing synthetic {&.s> poly-alanine; 
or naturady- occurring .flanking sequence,? adjacent to the CTL epitopes. 

The minigene sequence, is convened to PN f A by assembling oliiM.inucieot.ides 
mat encode the plus and minus ^rmds. of the minigene. Ovet Japping oligonucleotides -;30 
m ba;:es io »«> ari> synthesized, phosphorybted, purified and annealed under appropriate 
conditions using well known techniques, he ends of the oligonucleotides are joined using 
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T* DNA llgase. This synthetic minigenc, encoding the CTL epitope polypeptide, can then 
cloned ink) a desired expression veosor. 

Standard regulatory sequences well known to those, of skill in the art are 
included jo the vector to ensure expression in tht target cslis Several vector elements are 
required: a promoter with a down-stream cloning site tor mmsgene insertion; a 
poiyadenyl&tion signal for efficient transcription urrmmatum: an E. coli origin of 
replication; and &n E coll selectable marker te u amp-edhn or kanamyctn resistance). 
Numerous promoters can be used for litis ptsrpo.se, c the hutrtan cytomegalovirus 
fhCMV) promoter. .>><-. U.S. Patent Nos. 5 ,580.859 and 5.5159,466 tor other suitable 
promoter sequences . 

Additional vector modificatioo.s -my be desired in optimise mimgene 
expression and mtrmmogenidty. in some eases, hurons are required for efficient gerte 
expression, and one or more synthetic o: naturally *ocs; umng totrons eouki be incorporated 
into the transcribed region of the mirngene. The inclusion of mRNA stabilization 
sequences can also be considered for increasing mimgene expression. It has recently been 
proposed that iwmunosiimulatory sequences fl'SSs or CpGs) play a role in the 
imrounogenicity of DNA vaccines. These sequence.;; could be included in the vector, 
outside the mimgene cooing sequence, if found to enhance, niinnmogeruejiv, 

in seine embodiments, a bicisuonic e<press;on vector, to allow predu<„;;o:s a 
the mtmgene-eocoded epitopes and a second protein, included to enhance or electee 
immunogenicitv can be used. L samples of proteins or polypeptides that could bei't twdK 
enhance the immune response if co- expressed include cytokines te.g.. 1L2. 1LL\ OM 
CSF), cytokine-induciog molecules {.e.g. LetF) or costirnuiatory molecules. He,j»e: « rt VI ; 
epitopes could be joined to intracellular uugetnig signals and expressed separates ' o ^ .> t 
CTL epitopes. This would allow direction of the HTL epitopes to a ceil compartmon* 
different than die CTL epitopes. If required, this eouki facilitate more efficient osH-\ ei 
HTL epitopes into the MHC class 11 pathway, thereby improving (TIL induction. In 
contrast to CTL induction, specifically decreasing the irmrume response by co-exc-u^s.-^ 
of immunosuppressive molecules (e.g. TGF-P) may be beneficial in certain tltsoa.es 

Once an expression vector ss seieutd, the minigene is cloned ink) the 
poiyiinker region downstream of the promoter. Tltts plasmid is transformed mto an 
appropriate £ roll strain, and DNA is prepared rising standard techniques. "The 
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orientation and DNA sequence of the minigene, as v.-ell as all other elements included m 
the vector, are omftrmed using restriction mapping and DNA sequence analysis. Bacterial 

cells harboring the correct piasmid can he stored as 3 mas-er cell hank and a working ceil 
hank. 

Therapeutic quantities of piasmid DNA are produced by fermentation jn £. 
r^/i. followed by purification Aliquots fro;;- the working cell bank are used to inoculate 
fermentation medium (men as Terrific Broth.}, and grown to saturation in shaker flasks or 
a bioreactor according to well known techniques, Piasmid DNA can He puri fieri asm* 
standard bioseparation technologies such as solid phase aniomexchange resins supplied by 
Quiagen. If required, superceded DNA can he isolated from the open circular and linear 
forms using gel electrophoresis or other methods. 

Purified piasmid DNA can be prepared for injection using a varie-v of 
formulations. The simplest of these is recoostittmon of iyophi sized DNA in sterile 
phosphate -buffer saline (PBS). This approach, known as "naked DNa," is currently being 
used for intramuscular 0M) administration in clinical xn&H. To maximize the 
ifnmunotherapeutic effects of minigene DNA vac;, mi.-;;, an alternative, method for 
formulating purified piasmid DNA may he desirable >\ variety of methods have betn 
described, and new techniques may become, available. Canonic lipids can also be used m 
the tornn.ilat.-on (sec, e.£.. as described by Debs, and Zhu {1993) WO 93/24640; Maraiino 
and Goaid-Togente {1988> BioTcci?niquis 6(7): 682-6<M; Rose U.S. Fat No. 5.279.83?; 
Brigtam H99?) WO 91 /0630V; and Feigner <:v «/. ( 1987} }>roc. Not!. Acad ScL USA *T 
741 3-741 4 j. In addition, giycoiipids. fusogensc liposomes, peptides and compounds 
referred to collectively as protective, interactive, non-condensing t'HNC} could also be 
eoroptexed to purified piasmid DNA to influence variables such as stability, intramuscular 
dispersion, or trafficking ?0 specific organs or cell types. 

The nucleic acids can also be administered using ballistic delivery as 
described, for instance, in U.S. Patent No. 5,204,253. Particles comprised solely of DNa 
can be administered. Alternatively, DNA can be adhered to particles, such as gold 
particles. 

Target cell sensitization can he used as a functional assay for expression and 
MHC class 1 presentation of minium-encoded CTL epitopes The piasmid D.N.A is 
introduced into a marnmali.-.n cell line that is suitable as a targe! for standard CTL 
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chromium rdcatt assays. The transfection method used will be dependent on the final 
formulation. Eiectroporation can he used tor "naked" DNA, whereas canonic lipids alio* 
three; in vin-o transaction. A plasmid expressing green fluorescent protein «jF?) can be 
co-tnsnsfected to ailow enrichment or' rnmsteeted cells, using fluorescence activated cell 
sorting fFACSi, These cells are then chromium-51 labeled and used as target cells for 
epitope-spectfic CTL lines. Cytolysts, detected by 5JCr release, indicates production of 
NtH< rr^criaeon *>- * >e ^ cj ^ode^h 1 1 v, it* i es 

In vivo smmunogenlcify is a second approach tor functional testing of minigene 
DNA formulations. Transgenic mice expressing appropriate human MHC molecules are 
immunized w-lh the DNA product. The dose, and route of administration are formulation 
dependent (e g. 1M for DNA in PBS, IP for Hpid-coinpJexfcd DNA), Twenty-one days 
after immunization, splenoeyfes are harvested and rcstiuuhated tor I week in the presence 
of peptides encoding each epitope being tested These effect-;!- cell? (CO.st are assayed 
for cytolysis of pepiide-loaded, ehfomiunv-5 1 labeled target cells using standard 
techniques. Lysis of target ceils sensitized by MHC loading of peptides correspond u-;? to 
mi rsigene-encoded epitopes demonstrates DNa vaccine function fax in vnn induction of 
CTI,s. 

Antigenic peptides may be used to elicit CTL sxjizm. as well. The resulting 
CTL, cars be used to treat chronic infections (viral or bacterial > or tumors in patients that 
do not respond toother conventional forms of therapy, or win not respond to a peptide 
vaccine approach of therapy. Ex. vivo CTL responses to a particular pathogen (infectious 
agent or tumor antigen) are induced by incubating in tissue culture the patient's CTL 
precursor ceils {CTLp} together with a source of antigen- presenting celts {APCs and the 
appropriate immunogenic peptide. After an appropriate meubaoon time (typically 5-4 
weeks), in which the CTLp are activated and mature and expand into effector CTL. the 
ceils are infused back into the patient, where they *••!! desttoy their specific target ;.di (an 
infected cell or a tumor ceil), in order to optimize the in vi'n, conditions for the 
generation of specific cytotoxic T ceils., the cultute of stimulator ceils is maintained .In an 
appropriate serum-tree medium . 

Prior to incubation of the stimulator cells with the cells to Me activated, e.g.. 
precursor CD84- cells, an amount of antigenic peptide is added to the stimulator ceil 
culture, of sufficient quantity to become loaded onto the human Class I molecules to be 
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Resting or precursor CDS * cell* are then incubated in culture wsth the 
appropriate- stimulator ceil* fur a time penod sufficient to activate the CD8-f eelis. 
Preferably, the CD8+ cells are activated jo an amigen -specific manner. The ratio ot 
ie.sti.i-jt or precursor CDS -4- (effector) cells to stimulator ceils may vary from individual to 
5 individual and may further depend upon variables such as the amenability of an 

individual's lymphocytes to culturing conditions and the nature and .severity of the disease 
condition or other condition fur which the wtthm- described treatment modality is used. 
Preferably, however, the !ymphncyte:siimuiator cell ratio is m the range of about 30: i to 
300: ) The effetor/stimuiatof culture may be n^in-asntd for as long a time as is 

10 necessary to stimulate a therapeutically useable or effective number of CD8-*- cells. 

The induction of CTl. h< wro reqmre.s rhe specific recognition of peptides that 
are bound to allele specific MHC class 1 molecule on A PC The somber of specific 
MHC/peptide complexes per AFC Is crucial for the stimulation of CTL,. particularly in 
primary immune responses. While small amounts of peptide/MHC complexes per ceil arc 

15 smfidem to render a ceil susceptible to lysis by CTL. or to stimulate a secondary CTl. 
response, -he successful activation of a CTL precmsoj (pCTL.t during primary response 
requires a significantly higher number of MHC/peptide complexes. Peptide loading of 
empty major histocompatibility complex molecules on ceils allows the induction of 
pnmary cytotoxic T lymphocyte responses. Peptide loading of empty major 

20 histocompatibility complex molecules on cells enables the induction of pnmary Cytotoxic 
T lymphocyte responses. 

Since mutant ceil lines do not exist for every human MHC allele, it is 
advantageous to use a technics- to remove endogenous MHC- associated peptides from the 
surface of APC, followed by loading the resulting empty MHC molecules with the 

25 immunogenic peptides of interest. The use of non-transformed (non-tumorigenic). 

non-infected ceils, and preferably, autologous ceils of patients as APC is desirable for -he 
design of CTl.. Induction protocols directed towards development of cx »w CTL. therapies. 
This application discloses memods for stripping Pit.' endogenous MHC-associated peptides 
from the surface of APC followed by the loading of desired peptides. 

30 A stabk MLC class 1 moteca.'e is ^ :s. -omi ^> to -sed ol the toliow^g 

elements: S ; a peptide usually of S - 10 res-dues. 2 > u transmembrane heavy polymorphic 
protein chain which bears the peptide binding site ui its «l and a2 domains, and 3} a 
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non-eovalentiy associated non-polymorphic light chain, ^microglobulin, Removing the 

gem^es ,vv,o- . v*\^v^( o > os,> ■>>>>> 'i\ eou\> ck retkk r> 
MHC class I molecules nonfunctional and unstable, resulting in rapid degradation. All 
MHC da.\s 1 molecules isolated from PBMCs have Myogenous ^prides bound to them. 
Therefore, the first step is to remove all endogenous peptides bound to MHC dass I 
molecules or; the A PC without causing their degradation bet"; ire exogenous peptides he 
added to them.. 

Two possible ways to free up MHC class 1 molecules of bound peptides 
include lowering the culture temperature from 3?"C to 2o'*C overnight to destabilise 
l^microglobuirn and stripping the endogenous peptides from the cell using a mild acid 
treatment. The methods release previously hound peptides mto the extracellular 
environment allowing new exogenous peptides to bind to the empty class I molecule v The 
cold -temperature incubation method enables exogenous peptides to bind efficiently to the 
MHC complex, but requires an overnight incubation at 2b* C which may slow the cell's 
metabolic rate. U is also hkdy usat cells not actively synthesizing MHC molecules te,g., 
resting VBMQ would not produce high amounts of empty surface MHC rnol.eci.iles by the 
cold temperature procedure. 

.Harsh acid stripping involves extraction of the peptides with tritluoroaeetie 
acid, pH 2 : or acid denaturatton of the immunoaffinify purified clas> J-peitftde complexes 
These methods are not feasible for CTt induction, since it o important to remove the 
endogenous peptides while preserving A PC viability and an optimal metabolic state which 
is critical for antigen presentation. Mild acid solutions of pK such as trlycme or 
citrate- phosphate butters have been used to identify endogenous peptides and to identify 
tumor associated T cell epitopes. The treatment is especially effective, in that only the 
MHC class ; molecules are destabilised (and associated peptides released), while other 
surface :tigens remain intact, including MHC class 1: molecules Most important! v. 
treatment of cells with the rnlki acid solutions do not affect the ccl;\ viability or metabolic 
state. The mild acid treatment is rapid since the stripping of the endogenous peptides 
occurs m two minutes ai 4X and the A PC: is ready to perform its function after the 
appropriate peptides are loaded. The technique is uuh.'.ed herein to make peptide-specifk 
APC> for the generation of primary antigen- specific CTL. The resulting APT are efficient 
in inducing peps ice- sped tic Ci.)g ;- CT1. 
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Activated CDS * cells may be effectively separatee 
from the >timuiau>r eelis using one of a variety of known methods. For exaropa. 
mowjclonal antibodies specific for the stimulator ceils, for the peptides loaded o? v t>t 
stimulator cells, or for the CDS-;- cells for & segment thereon may be utilized t.> mr i . t 
appropriate complementary hgand. Antibody -tagged moleudes may then fee ex <^e» 
front the sturm&tor-eftector cell admixture via appropriate means, e.£., via weii * 
immunuprecipitatsots or ■ mm unoassay methods. 

Effective, cytotoxic amounts of the activated CD8 + cells can vary not vton »> 
vww and ?> vi«o uses, as v-e.il as with the amount and type of cells that are the u*t matt, 
target of these killer cells. The amount w;U also vary depending on the conditio,; o ( tir 
patient and should be determined via consideration of all appropriate' factors by the 
practitioner Preferably, however, about 1 X J0 f " to about \ X ;0 ; \ more preferably aboi 
i X 10* to about 1 X i0 ;; . and even more preferably, about i X 10* to about I X 10 t<: 
activated CD8 + cells are mi h zed for adult humans, compared to about. 5 X 10* - 5 X 10 
ceils used m mice. 

Preferably, as discussed above, the activated Cl>8* cells are harvested from 
me. cell culture prior to administration of the CDS 4- ceils ro the individual being treated. 
It is important to note, however, that unlike other present and proposed treatment 
modalities, the present method uses 3 ceil culture system that is not ttimorigenic. 
Therefore, if complete separation of stimulator cells and activated CD$-i- cells is not 
achieved, there k no inherent danger known to be associated with die administration of a 
small number of stimulator cells, whereas administration of mammalian tumor-prwnotrof 
cells may be extremely hazardous 

Methods of re-introducing cellular components are know?; in the an and 
include procedures such as those exemplified in U.S. Patent No 4,844.893 to Honsik, et 
al and U.S. Patent No. 4,690,915 to Rosenberg. For example, atl ministration of 
activated CDB-f ceils via intravenous infusion is appropriate. 

The immunogenic peptides of trus invention may also be used to make 
monoclonal antibodies. Such antibodies may be useful as potential diagnostic- or 
therapeutic agents-. 
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Summary 
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Table 8 
Summary 



Conserved 

Position Residue* 

1. 

2 y 

3 LM 

4 D.£,G,K,P 

5 L.M.N 

6 V 
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Using the motifs identified above for various MHC class ! alkie amino acid 
sequences from various viral and turner- related proteins we« analyzed for the presence c 
these motifs. Screening was carried out described m the related applications. Table 9 
provides the results of searehev of the ant-gens. 

The above description is provided to illustrate the invention but no! to limit i* 
scope. Other variants or the invention will be readily apparent to one of ordinary skill in 
the art and ate encompassed by the appended claims. AH publications, patents, and pate 
appheaiions cited herein are hereby incorporated t>y reference. 
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1 . A method of inducing a cytotoxic T cell response against a preselected 
antigen in a patient, ti;e method comprising contacrmtf cytotoxic T cells from -he patient 
with an immunogenic peptide which binds to an HLA -A3.I : MHC product with & 
dissociation constant of less man about 5 x JO"'' M and induces a cytotoxic T eel! jesponso 
*hkh immunogenic peptide has between about 9 and about U) residues and the following 
residue, from the N-termmos to the C -terminus. 

a first conserved result* seated from she group conststim- m t, M, I. V\ s. 
A, T, F. C,\ 0. D and E; 

arid 3 second conserved residue of K.. R, V, H and F; 
wherein the first and second conserved residues are separated by 6 to 7 



2. The method of dairo F. wherein the first conserved residue is at the 
second position from the N -terminus. 

3. A method of inducing a cytotoxic 1' ceil response against a preselected 
antigen in a p&ttent, the method comprising contacting cytotoxic T cells from the patient 
with an immunogenic peptide which hinds to an HLA-A ] MHC product with 9 
dissociation constant of less than about 5 x »{r m ami induces a cytotoxic 7 cell response, 
which immunogenic peptide has between about 9 and about if? residues and the tot lowing 
residues, from the N-terromus to the C-termimts. 

a tost conserved residue of T, S and M; and 
'* second conserved residue of IX )l. A, S and T: 
a third conserved residue of' Y; 

wherein the first and second conserved residue.:; are adjacent and the second 
and third conserved residues are separated by 5 or 6 residues. 

4. The method of claim 3. wherein the first conserved residue is at the 
second position from the N- tern s inns. 
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5. A method of inducing a cytotoxic T ceU response against a pjeseieetsd 
antigen in a patient, She method comprising contacting cytotoxic T ceils from I he patient 
with an immunogenic peptide which binds so an HLA-Ai MHC product with a 
dissociation constant of Jess than about 5 x fO '' M and induces a cytotoxic T c«li response, 
5 which immunogenic peptide has between about 9 arid about 10 rescues and the following 
residues, fjom the N-texmintis to the Oternnnus: 

a first conserved residue of'T. $ and M; and 

a second consented residue of Y: 

wherein the first and second conserved ?es;uues are separated by 6 to ? 

jo residues, 

ft. The method of cbm; :'\ wherem the fir;-? const-rvod residue is at the 
second posuu>n from the N-rennmus anc Use second conserved residue ;s at the ninth or 
renin p>s;;non from -hv N--erminus, 

7. A method of inducing a cytotoxic T cell response against a preselected 
antigen !tt a patient, the method comprising contacting cytotoxic T ceils from the patient 
with an immunogenic peptide which binds to an HLA-Ai MHC product with a 
dissociation constant of less than about 5 x it) ' M and induces a cytotoxic T cell response, 
so which immunogenic peptide has between shout c > and shout it* residues and the following 
residues, from the. N- terminus to the C ternunns: 

a firs; conserved residue of D, E, A, $ and 1'; and 

a second conserved residue of Y; 

wherein the first and second conserved residues are separated by 5 to 6 

v> .residues. 
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with an immunogenic peptide which binds to an BLA-AI I MHC product with a 
dissociation constant of less than about 5 :< 10"-' M find induces a cytotoxic T celj response, 
which immunogenic peptide has between about s and about. JO res-dues and the following 
residues. from the N-tet minus to the C-tenmnus. 

a first conserved residue, of L, M, h V. A, S. T, Ci. N. Q, C\ F, D, E; and 

a .second conserved residue of K. R, H; 

wherein the first and second conserved residues are separated by 6 to 7 

residues. 

JO. The method or" claim V. where!?; the first conserved residue is at the 
second posh ism irons the. N- terminus. 

1 1 A method of Inducing a cytotoxic T ceil response agamst a orcsdeeied 
antigen in a patient, the method comprising contacting cytotoxic T cells from the paoent 
•with an immunogenic pepiide which binds to an RI.A-A24. S MHC" product with a 
dissociation constant of less than about 5 x 10 7 M and induces a cytotoxic T ceil response, 
wive- tmnm^ogenK peptide has hi-tv-ee*! ahont ^ a~d aaouf .0 iT-sklces and the ;nJh>wtr£ 
residues, from the N-terminus to the C -terrrnnus: 

a. fn -st conserved residue of Y, F\ W; and 

a second conserved residue, off", I. L, W. M; 

wherein the first and second conserved residue;; are separated by 6 to 7 

resioues, 

12. The. method nt" claim if wherein the first conserved residue is at the 
second position from the N-termmus. 

i 3. A method of inducing a cytotoxic T cell response against a preselected 
antigen in a patient, the method comprising contacting cytotoxic T ceils from the patient 
svith an immunogenic peptide which binds ro an HLA-Aa.2 MHC product with a 
dissociation constant of >css than about 5 k 10'' M and induces a cytotoxic T cell response, 
which immunogenic peptide has between about 9 and abom 10 residues and the foitowiug 
residues, from the N-termnms to the C-termirms: 
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!«. A method of inducing & eyrotox-e T cell response against a prtselected 
antigen in a patient, the method comprising contacting cytotoxic T cells from ttse patient 
with an immunogenic peptide whreh binds to an HL.A- A?>.2 MHC product with 3 
dissociation constant of les* than about 5 * i(f M and induces a cytotoxic T cell respond, 
which immunogenic peptide has between ahont 9 and about 10 residues srsd the following 
residues, from the N-term-nus to ihe CMermmus: 

a fust conserved residue, at the second position front the N terminus selected 
from the group consisting or A, I, L> M> T and V; and 

a second conserved residue a; the C terminal position selected from the group 
consisting of K: 

wherein the first and second conserved residues are separated by 6 to ? 

residues. 



IS. The method of ctesms I, '?>. 5, 7. Si, 13, -:<r 14, wherein the 
immunogenic peptide is contacted with tb* cytotoxic T ceii in vitro. 

lb. The method of eiaitvss 1 , j, 5, ?, i i > 13, or 54, wherein the step of 
contacting cytotoxic T ceils with the immunogenic peptide is carried end by administering 
to the patient a rsucSeic acid encoding the peptide. 

17. The method ot" claims 1, 3, 5, 7. ; I, 1 \, or 14, 5, wherein the 
immunogenic peptide is irons a vtrai antigen 



The method of claims i, 3, : 5, "?, i i, 13, or 54, wherein the 
smmunogerrie peptide is from a cancer antigen. 
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iv. A composition comprising an immunogenic peptide, wherei 
immunogenic peptide is selected from the group consisting of SEQ. ID. Nos. i 
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